The shear bonding strengths of a veneering resin to polished, sandblasted, and retention bead-cast commercially pure titanium (cpTi) plates with and without alkaline treatment were measured before and after thermal cycling. The bonding strengths to polished cpTi with and without alkaline treatment decreased remarkably with thermal cycling (p<0.01).
INTRODUCTION
before and after the 5,000-time cycling (p>0.05), the strength at 20,000 cycles showed a value that was quite small. It seemed that the dissolution of Na2Ti5O11 resulted in decrease of bonding strength, although diffraction peaks due to Na2Ti5O11 were quite small, as shown in Fig. 3. Kim et al.22 ) also reported that Na2Ti5O11 disappeared, rutile remained, and apatite formed with soaking in a simulated body fluid for three days. The 5,000-time and 20,000-time thermal cycles corresponded to seven days' and 27.8 days' soaking in water respectively.
It implied that Na2Ti5O11 formation should be further reduced to improve bonding durability between alkaline-treated cpTi and resin.
Adhesion between a polymer and a metal cannot be explained only by chemical interaction or micromechanical linking21). Both aspects are jointly responsible.
Furthermore, many factors contribute to the bonding between resin and substrate metal, such as mismatch of thermal expansion coefficients. From the perspective of substrate pretreatment, it can be concluded that micromechanical interlocking has a greater influence on the bonding between titanium and resin than chemical bonding.
The results obtained in the present study suggest that alkaline treatment is a simple and effective surface modification technique for titanium, as it improves adhesion to resin due to formation of tight-fine rutile particles. This is because simple oxidation of cpTi in air results in formation of large rutile particles which have weak adhesive strength to cpTi substrate, as reported previously11). However, its bonding durability was not sufficient to maintain a long-period restoration, as shown in the present study. Further investigations are required to evaluate bonding durability and to elucidate the optimal and practical treatment conditions that enhance bonding strength durability between titanium and resin. 
